Problem 1 Let: 



LAST NAMF,: 


to j'lo 




(a) Write a complete formal definition of a context- 
IIee grammar -. 


does not exist, prove it. 


Answer: 
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(b) Write a regular expression that defines L. If such 
a regular expression does not exist, prove it. 


Answer: 
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Problem 2 Let: 


LAST NAME: 
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{c n 6 fc cVa m 
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l 


m, j 


0, n, k, £,j, m > 0} 



(a) Write a complete formal definition of a context- 

free grammar that generates L. If such a grammar 
does not exist, prove it. 


Answer: ^t\< 2 . 
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(b) Draw a state transition gfraph of a finite automa- 
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Problem 1 Let: 


LAST NAME: 

FIRST NAME: 



L 


{b n a k b e a j c m I £ 


n, j > 2, k = 0, n, k, m > 0} 


(a) Write a complete formal definition of a context- 


grammar 


does not exist, prove it. 


Answer: 
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(b) Write a regular expression that defines!. If such 
[regular expression does not exist, prove it. 


a 


Answer: 











































Problem 2 Let: 
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{c n 6 fc cVa 
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m, j 


0, n, k, £,j, m > 0} 


(a) Write a complete formal definition of a context- 

ree grammar that generates L. If such a grammar 
does not exist, prove it. 
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(b) Draw a state transition gfraph of a finite automa¬ 
ton that accept L. If such an automaton does not \0 j^v 
exist, prove it. 
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Problem 3 Let: 


4 


last name 


L 


{a n c k a e c> b m 



FIRST NAME: 
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l 
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, m > 1 , k = 0, n,kj,j,m > 0} 


a grammar 


free gramma^tlh^ 6 f ° rmal definition of a context- 
grammar that generates L. If such 

does not exist, prove it. 














<\A^_ 


) 






i\a fU-\ 



e 


V'r 
Cw> • 






o 


O 


G 




i 


ft . AV. = c 


Cv SL,P, 


-s 


\ 





I 




/V cv^. A c. \ A 





At\ \v 5 \ 


N 


(b) Draw a state transition graph of a finite automa¬ 
ton that accepts L. If such an automaton does not 
exist, prove it. \ |J 
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Problem 4 

the pushdown automaton: M 
where: Q = 


Let L be the language accepted by 


LAST NAME: 


{<LP}, £ 


(Q.E.r.UF) 

{a, 6, c, d, e}, T = 


{A, E , M, X}, F — {p} and the transition function 6 
is defined as follows: 

[q,e, A,p, EXAM ] 

[p.a.A.p.A] 

[p,a,F,p,A] 

[p, M, p, A] 

[p, c, X,p, A] 

[p, d, A,p, A] 

(Recall that M is defined so as to accept by final state 
and empty stack. Furthermore, if an arbitrary stack 
string, say X \... X n 6 T* where n > 2, is pushed on 
the stack by an individual transition, then the left¬ 
most symbol X\ is pushed first, while the rightmost 
symbol X n is pushed last.) 

(a) List 6 distinct strings that belong to L. If this is 
impossible, state it and explain why. 



FIRST NAME: 


(c) What is the cardinality of the set L? If it is finite, 
state the exact number; if it is infinite, state whether 
it is countable or uncountable. 


Answer: 
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(d) What is the cardinality of the set V(L) (the set 
of subsets of LI) If it is finite, state the exact num¬ 
ber; if it is infinite, state whether it is countable or 
uncountable. 
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Answer: 


(b) Draw a state transition graph of a finite automa¬ 
ton that accepts L. If such an automaton does not 

o 

exist, prove it. 
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Problem 5 Let L be the language accepted by 

the pushdown automaton: M = (Q, E, T, <5, q, F) 

where: Q = {q,p}, E = {o, b, c, d, e}; T = 

{A,E, M, X}, F — {p} and the transition function 5 
is defined as follows: 

[q, e, A, q, J5X] 

[q, e, A, q, AM] 

[q, A, A,p, A] 

[p, b , E, p, A] 

[p, c, X, p, A] 

[p,c, A,p, A] 

[p, d, M, p, A] 

(Recall that M is defined so as to accept by final state 
and empty stack. Furthermore, if an arbitrary stack 
string, say Xi... X n G T* where n > 2, is pushed on 
the stack by an individual transition, then the left¬ 
most symbol X\ is pushed first, while the rightmost 

symbol X n is pushed last.) 

(a) List 6 distinct strings that belong to L. If this is 
impossible, state it and explain why. 

Answer: V \ 
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(b) Write a complete formal definition of a context- 
free grammar that generates L. If such a grammar 

does not exist, prove it. 


LAST NAME: _i 


FIRST NAME: 
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(c) State one trivial property of the language L, such 
that a*b* does not have this property. Explain care¬ 
fully why this property is trivial, and prove that L 
indeed has it, while a*b* does not. If such a prop¬ 
erty does not exist, state it, and explain why it is so. 



(d) State one non-trivial property of the language L, 
such that a*b* does not have this property. Explain 
carefully why this property is non-trivial, and prove 
that L indeed has it, while a*b* does not. If such a 
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Problem 6 

chine: M = 


/r . J^ onsider the following Turing 
(Q, E, T, <5, q , F) such that: 


LAST NAME: 




Q ~ {^ r >s,p,v,t,z,x,y}- 

bvThiVi! 5 r= {BA 1}; F= and 5 js defined 

by the following transition set: 


FIRST NAME: 


[<7,0, r, 0, R] 
[r, 1,5,1,#] 
[s,0,t,0, #] 


[v, 0, x , 0, L] 

[tl, 1, Zy 1, T] 

[z,0,2/,0, L] 


M,p,0,#] [z,l,x,l,L\ 

[M,p,1,#] 

[y, 0, y, 0, #] 

\pApAR] [y,l,y,l,R] 

[y,B,y,B,R] 

\p,B,v,B,L) 

(Assume that M is defined so as to have an one-way 
infinite tape (infinite to the right only.) B is the 
designated blank symbol. M accepts by final state.) 

Let L be the set of strings on which M diverges. 

(a) List 6 distinct strings that belong to L. If this is 
impossible, state it and explain why. 


(c) Dangerous Professor has told her students to 
write a program that operates as follows: 

Input: String w over {0,1}. 

Output: yes if w represents a Turing Machine which 
halts exactly when the Turing Machine M (defined at 
the beginning of this problem) diverges; 
no otherwise. 

Explain the algorithm that should be employed by 
this program, or state that it does not exist, and 
prove it. i I 
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(b) Write a regular expression that defines L. If such 
a regular expression does not exist, prove it. 

Answer: 
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fined by the folln^’ 0 ’ ^ = {*}; and s is de- 

y e following transition set: 
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LAST NAME 



[9* 0, p, N, fl] 

[q, 1 , 9 , i, r] 


. . h 0, x, 0, R] 

{q,B,q,B,R} [v,N,z, 0 ,R] 

% 

\pApAR] 

\p, l,p, 1 ,H] 

]p,B,v,B,L] 

(Assume that M is defined so as to have an one-way 


• p # MA. A. U VJ 

infinite tape (infinite to the right only.) B is the prove it. 
designated blank symbol. M accepts by final state.) Answer- 

Let L be the set of string which M rejects. 

(a) List 6 distinct strings that belong to L. If this is 
impossible, state it and explain why. 

Answer: 


(c) Dangerous Professor has told her students to 
write a program that operates as follows: 

Input: String w over {0,1}. 

Output: yes if w represents a Turing Machine that 
accepts exactly those strings which the Turing Ma¬ 
chine M (defined at the beginning of this problem) 
rejects; 

no otherwise. 

Explain the algorithm that should be employed by 
this program, or state that it does not exist and 
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(b) Write a regular expression that defines L. If such 
a regular expression does not exist, prove it. 


Answer: 
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Problem 8 Consider the following Turing ma¬ 
chine: M = (Q,E,r,<$,q) such that: 

Q = {q,P,v,^x}; 

^ = P = {5,0,1}; F = {a;}; and S is defined 

by the following transition set: 

M, 9 ,0,5] M,x,0 ,5] 

[<7,l,p,l,5] [v, 1, 2 ;, 1, Fi] 

\q,B,q,B,R] 

[p, 1,9,1,5] 

[p,0,p,'0,5] 

[p,J3,v,B,L] 


LAST NAME: / 


3)J 

FIRST NAME: - } ' 





(Assume that M is defined so as to have an one-way prove it. 

infinite tape (infinite to the right only.) B is the Answer* 

designated blank symbol. M accepts by final state.) 

Let L be the set of string which M accepts. 

(a) List 6 distinct strings that belong to L. If this is 
impossible, state it and explain why. 

Answer: ^ 


(c) Dangerous Professor has told her students to 
write a program that operates as follows: 

Input: String w over {0,1}. 

Output: yes if w is a string such that the Turing 
Machine M (defined at the beginning of this problem) 
accepts w; 
no otherwise. 

Explain the algorithm that should be employed by 
this program, or state that it does not exist and 
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(b) Draw a state transition graph of a finite automa¬ 
ton that accepts L. If such an automaton does not 
exist, prove it. 

Answer: 
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alDhahp? 1 / h ^ be the set of a11 strings over th< 
properties^’ ’ ° ^ Satisfy aI1 of the followin f 


• if the string begins with a, then it contains an 
odd number of a’s. 

• if the string begins with 6, then all of the follow¬ 
ing conditions hold: 
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LAST NAME: 


FIRST NAME: 



1. the string ends with b; 

2. the string has an odd length; 

3. the middle symbol is equal to the last sym¬ 
bol; 

• if the the string begins with c, then both of the 
following conditions hold: 


1. the string has an even length; 

2. the string is a palindrome; 


Write a complete formal definition of a context-free 
grammar that generates the language L. If such a 
grammar does not exist, state it and explain why. 

Answer: 
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